Abstract. The usage of rubbers has always been so important, especially in automotive industries. Rubbers have a hyper elastic behavior which is the ability to withstand very large strain without failure. The normal applications for rubbers are used for shock absorption, sound isolation and mounting. In this study, the predictions of fatigue life of an engine mount of rubber automotive components were presented. The finite element analysis was performed to predict the critical part and the strain output were incorporated into fatigue model for prediction. The predicted result shows agreement in term of failure location of rubber mount.
Introduction
Rubber is an elastomeric material that can absorb a large number of energy. Due to its large energy absorbing properties, the applications of rubber components are always related with fluctuated load, random vibration or large deformation. An example of implementation of rubber is an engine mount, which is subjected to both static and cyclic loadings. Overtime, the component will experience fatigue because of the operating condition. Therefore, it is necessary for manufacturer of rubber component to be able to predict their products' life cycle given the actual operating condition to prevent failures during operation.
In a literature surveys conducted by Mars and Fatemi [1] , they stated that there are two ways of predicting the fatigue life of rubber. The first method is the crack nucleation method, and the second method is the crack growth method. They also mentioned that the first method is popular among the researchers and engineers. This is due to the determination of fatigue life is correlated with quantities of continuum mechanics, such as strain energy density. In finite element analysis (FEA), the easiest method to be implemented into a user subroutine is the crack nucleation method. The result from the FEA is post processed in order to get the fatigue life cycle.
Numerous of studies [2] [3] [4] have been conducted in predicting the fatigue life of engine rubber mount using FEA and the crack nucleation method. In order to verify the result of FEA it must be compared with experiments. Fatigue life experiments can be conducted, either by using load controlled, or displacement controlled methods. For the load controlled experiment, the minimum load was chosen based on point at which the specimen had finite life. Up to 7.06 kN of load with a different mean load has been experimented [3] . Woo and Kim [5] , suggested a method of predicting rubber components by test of material properties. The first test to be conducted was to determine the hyperelasticity constant. This was followed by the second test which was the 3D dumbbell fatigue test. The second test was compared with the FEA to obtain the values of stress and strain with the purpose to correlate with the fatigue life. Throughout a numbers of comparisons, they proposed that maximum Green-Lagrange (G-L) strain provides good correlation with fatigue life. In this study, crack nucleation method was used to predict the life cycle of the engine rubber mount.
The crack nucleation method is most favorable method in determining the fatigue life because it is based on the mechanical quantities such as stress, strain, and etc. In the crack nucleation method, there are two widely used as a parameter to determine life of rubber, namely maximum principal strain and maximum energy density [1] . Previous studies [2, 3] showed that maximum G-L strain provides a better correlation with fatigue life compared to maximum energy density. The correlation obtained by Kim [3] is used to determine the life of the rubber and incorporated into the ABAQUS's user variable (UVARM) subroutine. The correlation is given in equation (1) where ε G−L is the G-L strain and N f is the fatigue life cycles.
The purpose of UVARM subroutine is to established a user-defined output variables in ABAQUS output database.
Methodology
CAD data generation. The study was undertaken on an engine rubber mount which is used in Malaysian local automotive cars. It consists of the rubber section and metal section as shown in Fig.  1(a) . This component is subjected to both static loading and fatigue loading during idle and during operation. Therefore it is a suitable component to be tested out. Before the simulation can be started, it is important that the Computer Aided Design (CAD) data is generated beforehand. Since this component is a commercial part, it is impossible to get the CAD data due to proprietary. Hence, to overcome this issue, a Coordinate Measuring Machine (CMM) and 3D Scanning Machine were used to generate the CAD data as illustrated in Fig. 1 (b) and Fig 1 (c) . Fig. 1 (a) The engine rubber mount, (b) the coordinate measuring of engine rubber mount and (c) the CAD data produced.
CMM was used to measure the features of the components in coordinates form. The coordinates measured can be exported to common CAD data and thus can be modified. In order to ensure the accuracy between the actual parts and the CAD data, 3D Scanning machine is also used to assist the generation of surface on the component as shown in Fig. 2 . Besides that, it allows the comparison between these surfaces drawn on CAD and surfaces scanned by 3D scanning machine. The final produced CAD data are shown on Fig. 3. 
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536 Fracture and Strength of Solids VII Fig. 2 The 3D Scanning machine (left) and the CAD data generated (right). Fig. 3 The final CAD data.
Finite Element Analysis.
The finite element analysis is conducted using ABAQUS 6.8 EFI. The geometry is meshed using 10 nodes linear tetrahedron which is the C3D10 element. In order reduce the analysis time, symmetry boundary condition is applied on 2 planes which is normal to the direction of x-axis and z-axis shown in Fig. 3 . Fixed boundary condition and displacements boundary condition were applied on the outer metal section and the metal section on the center of the component respectively. On the other hand, the material constant is obtained based on previous experiment conducted by Kim [3] which is summarized in Table 1 . Therefore, in this FEA, it is assumed that the material that has been tested by Kim is the same. A displacement on y direction ranging from -6 mm to 14 mm is applied as depicted in Fig. 4 . The result is post-processed to yield the fatigue life prediction. The critical area prone to crack can be determined from the postprocessed result as shown in Fig. 5 . For future comparison between experiment and the FEA result obtained from this study, the load ratio in the experiment must be equal to zero. Fig. 4 The maximum G-L strains versus predicted fatigue life. 
Discussion
The comparison between the failure location of crack from FEA conform to the actual location of crack occurred on the engine rubber mount during operation. Furthermore, the maximum principal strain obtained from unique nodal solution can be considered the location of the first occurrence of crack. During operation, if it is assumed that normal engine operates at 3000 rpm during running, therefore the frequency of the forced vibration is 50 Hz. If the forced vibration has the maximum displacement, thus minimum fatigue life predicted in the finite element analysis is 3,400,000 cycles, as shown in Table 2 . It can be translated to 19 hours of operation. However, an engine rubber mount can stand in a long period of operation in actual condition, which means that the displacement must be less than 14 mm. Nevertheless, the prediction still lacks in term of Fig. 6 The region of crack initiation for engine rubber mount.
Conclusions
Finite element analysis performed on Malaysian local car manufacturer's rubber mount has been successfully conducted. The comparison between the finite element analysis and the failure location on the rubber component shows promising result in predicting the fatigue life of engine rubber mount. In the near future, experiment on the actual component is necessary to compare the predicted life on the analysis. Material properties study might as well be conducted to ensure accurate result can be achieved.
